In this paper, we consider the stationary density function of the doubly skew Ornstein-Uhlenbeck process. We present the explicit formula for the stationary density function and show that this process is positive Harris recurrent and geometrically ergodic. We expand our method to the more general cases in which the multiple parameters are present and we try to consider the stability of the skew Ornstein-Uhlenbeck process whose parameters depend on a finite-state and irreducible continuous-time Markov chain. Then we offer the stationary distribution equation of this bivariate process through their infinitesimal generator and the explicit stationary distributions are list as a special case.
Introduction
Skew diffusions have drawn attention in fields of financial engineering, physics, mathematical biology, etc. because of their potential applications, for example, [10] , [13] , [12] , and [8] . The skew Brownian motion(abbr. skew BM) was first introduced by K. Ito and H. P. Mckean in [6] , which is a simple but interesting diffusion process. The doubly skewed OU process is an extension of the skew Brownian motion. A general class of stochastic differential equations involving the local times of unknown process was first proved by Le Gall [5] , and then developed by Barlow [11] , Engelbert and Schmidt [4] , Lejay [2] , Bass and Chen [14] and many others.
We denote by ( , , ) P  F a complete probability space and the filtration   
where t B is a standard Brownian motion on some probability space ( , , )
L b is the symmetric local time at a (resp. b ). It is well-known that for 1 0 p  or 2 0 p  , the equation (1) is the skew OU process whose weak existence and pathwise uniqueness have been proved by S.Wang [16] . The aim of this paper is to elaborate the stationary of this kind of process.
When computing the stationary distribution, Karlin and Taylor [15] offered a classical method which is not suitable for our process. We use the infinitesimal generator of doubly skewed OU process to derive the stationary density function. Then we expand our method to more general doubly skew OU process and the Markov-modulated skew OU process(abbr. MMSOU). There are a large amount of papers concentrating on Markov modulated process, because such a process can capture the switching of the market conditions. Many scholars investigate their applications in finance. For example, [3] and [7] studied how to price options.
The paper is organized as follows. Section2 is concentrated on the explicit stationary density of doubly skew OU process, under the drift coefficient has only one parameter. Section 3 expands to the multiple-parameter case. Section 4 discusses the stability of the MMSOU, here we mainly consider the stability in distribution. 
Stationary distribution for the doubly skewed process
t t f P y B f y Y t        with 2 ( ) | | 1. f     Theorem 2.2. The doubly skew OU process   t X defined in (1)
is positive Harris recurrent and V-uniform ergodic.
Proof. Let C be the set of functions ( ), 
where the last equity holds because of the fact
.
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Vx as x . Thus, by operating the generator n A on V , we get 
, .
After a simple algebraic calculation shows that
and let 1  to be the maximum of ( ) 2 ( ),
Now, the following is obvious 
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. 
For the arbitrary of fC  , it can be deduced that 
Extension to multiple-parameter case
The method can be extended to the more general cases in which the multiple parameters are presented. We consider the following general doubly skew OU process: (1 (1 ) 
Then by employing the methods of integration by parts twice, the above equation becomes
Therefore, the equation (6) can be obtained.
Extension to the Markov-modulated skew OU process case
In this section, we consider the stability of a skew OU process   Generally speaking, it is difficult to calculate the closed form of (8) and (9) .While in some special cases, the closed solutions of stationary densities can be figured out.
